2. Using combined morphological and electrophysiological techniques, we have identified motor neurons in the right pleural ganglion of Aplysia californica that contribute to the release of opaline from the opaline gland.
2. Three pleural ganglion neurons were found to meet the requirements for identification as opaline gland motor neurons by a) sending processes in nerve P5, which innervates the gland; 6) producing contractions of the gland in the absence of central synaptic activity; and c) producing excitatory junctional potentials (EJPs) in cells making up the opaline gland itself. The neurons can be reliably located and have been designated PLRl , PLR2, and PLR3.
3. When gland contraction is measured by the change in luminal pressure, the gland response is a graded function of low-frequency spike activity in the motor neurons.
4. Presumptive EJPs recorded from opaline gland cells are reversibly decreased in size by high extracellular Mg2+ and reversibly increased in size by raising the concentration of extracellular Ca2? These results suggest that the presumptive EJPs are chemically mediated. The presumptive EJPs show facilitation and posttetanic potentiation.
5. The identified opaline motor neurons may constitute a significant portion of the motor input to the opaline gland via nerve P5 since hyperpolarization of the cells prevents the opaline gland response elicited by right connective stimulation in vitro. 6 . We have compared the properties of the opaline motor neurons with the previously identified properties of the ink motor neurons (6) (7) (8) (9) 19) . Like the ink motor neurons, the opaline motor neurons have high resting potentials, are electrically coupled, and have no spontaneous spike activity. They also receive a slow and long-lasting evoked depolarizing synaptic input, which appears to be mediated by a decreased conductance mechanism. The firing pattern of the opaline motor neurons produced by synaptic input shows the same delayed bursting pattern previously described for the ink motor neurons.
7. The biophysical properties and synaptic input to the ink motor neurons have been shown to affect the features of inking behavior (4, (6) (7) (8) (9) 19 ). The opaline motor neurons share some of these biophysical characteristics and mediate a defensive behavior similar to ink release. Further comparisons of these behaviors and their underlying neural circuits may provide a better understanding of the extent to which cellular biophysical properties and patterns of synaptic input influence the features of the behaviors that individual neurons mediate. INTRODUCTION Recent work on higher invertebrates such as Aplysia has resulted in the identification of neural circuits involved in various types of behaviors (14, 15) . These studies have made it possible to relate characteristics of behavioral responses to features of the underlying neural mechanisms. For example, in comparing the $defensive inking response with defensive gill withdrawal, it was shown (4, (6) (7) (8) (9) 19 ) that certain distinguishing features of the two behaviors may be related to specific differences in the biophysical properties of the respective motor 0022 neurons and to the features of their synaptic input. If biophysical properties of groups of neurons contribute to the features of a behavior, it would be of interest to examine whether similar types of behavioral responses utilize neurons with similar biophysical properties.
Noxious stimuli that elicit the release of ink in Aplysia californica also trigger the secretion of another substance, opaline. Opaline is a white substance that undergoes a marked change in viscosity as it is released. As the secretion mixes with seawater, it becomes extremely mucoid. Early reports suggest that opaline may be poisonous (13) . It is produced by the opaline gland, which is located on the dorsal surface within the body cavity. When a strong stimulus in the form of a series of electric shocks is applied to the animal, opaline is released through a small opening on the anterior mantle shelf and then ejected from the mantle cavity, usually mixed with ink. Even though ink and opaline are released in response to the same noxious stimulus, the two substances are not always secreted simultaneously, suggesting the neural control of the two behaviors is not identical. The neural pathways involved in inking have been well studied (3, 4, (6) (7) (8) (9) 19 ), but little is known about the neural control of opaline secretion.
The present study was undertaken as a preliminary step to elucidate the neural pathways that control opaline secretion by identifying neurons that contribute to the motor component of the behavior. Using a combination of morphological and electrophysiological methods, we have identified three cells as presumptive motor neurons and have obtained evidence suggesting that these neurons probably account for a large portion of the motor component of the opaline secretory response. We have also observed that the opaline motor neurons have biophysical characteristics and synaptic input that are qualitatively similar to those previously described for the ink motor neurons.
A preliminary account of some of these results has previously been presented (20) .
METHODS

Aplysia califomica
supplied by Pacific Biomarine Laboratories (Venice, CA) weighing between 100 and 250 g were used in all experiments.
For morphological studies, axonal iontophoresis was performed at 4°C with 1 M CoCl, in artificial seawater (ASW) using methods previously described (16) . The circumesophageal ring ganglia were placed in buffered ASW (10 mM HEPES, pH 7.6) containing 0.1% (w/v) glucose on one side of a partitioned chamber. A short section of tegumentary nerve 7 (12), also known as nerve P5 according to the nomenclature of Kandel (15) , was passed through the partition, sealed in place with petroleum jelly, and the cut distal end secured in the CoCl, solution. Diffusion was facilitated by passing 2 PA of current (lOO-ms pulses at 5 Hz) across the divided chamber. After 24 h iontophoresis, the staining process was completed as described by Winlow and Kandel (21) . Briefly, the ganglia were placed in ammonium sulfide to precipitate the CoCI, that was taken up by the cell bodies. The ganglia were fixed in Carnoy solution, put through several alcohol dehydration steps, and finally cleared and stored in methyl salicylate.
A semi-intact preparation was used in seven animals to study the innervation of the opaline gland. The animals were first cooled to 4°C for 15-20 min to prevent opaline and ink release during the dissection (also carried out at 4°C). The gastrointestinal tract was removed as well as the abdominal ganglion and circumesophageal ring ganglia. After warming to room temperature, hook electrodes were used to stimulate electrically (lo-ms pulses at 10 Hz) the cut ends of various nerves that innervate the region of the opaline gland. The degree of response was determined by observing gland contraction and whether opaline release occurred.
An isolated preparation used for electrophysiological studies of neurons in the pleural and pedal ganglia is illustrated in Fig. 1 . Animals used in this group of experiments were also cooled and dissected at 4OC. The entire circumesophageal ring connected by tegumentary nerve 7 (nerve P5) with the opaline gland and a small portion of the body wall were removed and placed in HEPES-buffered ASW (pH = 7.6) plus 0.1% glucose. Temperature was maintained at 15 * 1°C with a feedback-controlled thermoelectric cooling unit. The ganglia and gland were pinned in separate chambers of the divided bath that was sealed at the partition to allow perfusion of the two chambers with different solutions. Double-barreled or two single-barreled glass microelectrodes filled with 2 M K citrate having resistances of 6-15 Ma were used for intracellular recording and stimulation. Ag-AgCl electrodes fixed in the bath were used for nerve stimulation. The duct of the gland was cannulated with a piece of plastic tubing. The tubing was connected to a pressure transducer (Stratham P23BC) so that the degree of gland response Experimental preparation. Head ganglia (excluding buccal) and opaline gland with intact tegumentary nerve 7 (nerve P5) are removed from the animal (at 4°C) and placed in a divided chamber. The partition is sealed with petroleum jelly so that the two chambers can be perfused independently. Either two single-barrel electrodes or one double-barreled electrode are used for intracellular stimulation and recording from neurons in the ganglia, while single-barrel electrodes are used for recording presumptive excitatory junction potentials (EJPs) from the opaline gland. Pressure changes in the gland are monitored with a pressure transducer linked to the lumen via a piece of polyethylene tubing. could be measured by the change in lumenal pressure during gland contraction. Intracellular recordings from cells in the surface vesicles of the opaline gland were made using single-barreled 2 M K citrate microelectrodes that were beveled with final resistances of 6-9 MSZ. The voltageclamp techniques used in these studies have been previously described (6) .
A second in vitro preparation was used in experiments involving the pharmacologic characterization of the presumptive EJPs recorded in the opaline gland. The opaline gland and a small portion of the body wall was removed along with a 2 to 3-cm length of nerve P5 proximal to the gland. The gland was placed in ASW (buffered to pH 7.4 with 10 mM Tris) plus 0.1% (w/v) glucose in one chamber of a divided bath and the nerve was passed through a slit in the partition, sealed in placed with petroleum jelly, and the cut end was secured in a suction electrode in the other chamber. The suction electrode was connected to a stimulus isolation unit that had a separate ground to the nerve side of the bath. The stimulus intensity used for each preparation was the minimum intensity at which two pulses of 1 ms duration delivered at a lOO-ms interval produced an observable contraction of the gland. The experiments using the isolated gland were performed at room temperature (23 k l°C) and the chamber containing the opaline gland (lo-ml volume) was perfused at a constant rate of 2 ml/min throughout the experiment. Most intracellular recordings were made from surface vesicles on the midportion of the gland. Responses of the opaline gland cells were sampled and averaged on line using a PDPl l/34 computer (Digital Equipment Corp.). The EJPs in Fig. 4C were photographed from a Tektronix 5 113 storage oscilloscope, while the digitized EJPs in Fig. 5B and C were photographed from the computer storage-display monitor (Tektronix type 603). All data were also simultaneously recorded on a Gould 2400 four-channel pen recorder and a Hewlett-Packard 3960 FM tape recorder for subsequent playback and analysis.
A third preparation was utilized to compare the properties of the opaline gland motor neurons with the previously described ink gland motor neurons (7) . This preparation consisted of the isolated abdominal ganglion and circumesophageal ring ganglia with the intact pleuroabdominal connectives. Synaptic input was evoked by delivering trains of electrical stimuli to the siphon nerve.
RESULTS
Neural innervation of opaline gland gl
The route of motor input to the opaline and was inv ,estigated by electrical1 y stimulating the various nerve trunks that send branches to the region of the gland. In seven animals where nerve input was systematically investigated in this manner, we found that electrical stimulation of the right P5 nerve produced a large contraction of the gland that resulted in opaline release . Nerve P5 arises from the ri ght pleuropedal connective and s ends branches to both the opaline gland and the surrou ndi ng bo idy w rail. Ink release was not observed following stimulation of nerve P5, but was elicited using the same preparation by stimulating the siphon or branchial nerve.
Branches of nerve P5 also form an an astamosis wit h th .e siphon nerve poste rior to the region of the opaline gland duct ( 15) . In three of seven animals, stimulation of the siphon nerve caused some movement of the opaline gland. In the remaining preparations, stimulation of the siphon nerve was without effect on the opaline gland. Since stimulation of nerve P5 resulted in strong gland contraction with subsequent release of opaline in all the ani mals, the subsequent studies were directed toward identification of the neurons that mediate gland contraction via this pathway.
To locate the cell bodies of th .e central neurons that send processes to the region of the gland via nerve P5, the nerve was backfilled with CoCl,. A typical result obtained from a series of 10 animals is shown in Fig. 2 . More than 10 small cell bodies are stained in the right pedal ganglion and 3 large cell bodies are stained in the right pleural ganglion. No cell bodies are observed to stain in the other ganglia making up the circumesophageal ring.
Identification of opaline gland motor neurons
With the results of the backfilling as a rough guide to possible locations of motor neurons, electrophysiological studies were carried out on neurons in the right pedal and right pleural ganglia in the regions where cell bodies had been observed to stain. Cells were impaled with double-barreled microelectrodes and then tested for antidromic invasion elicited by electrical stimulation of nerve P5 (Fig. 4A ). Neurons that were antidromically activated were tested for motor effects by visually monitoring the gland and surrounding body wall and by simultaneously monitoring the change in pressure within the lumen of the gland. Firing neurons in the right pedal ganglion causes contraction of the body wall around the opening of the gland duct, but produces no observable direct contraction of the opaline gland. However, firing any of three cells located in the right pleural ganglion produces a contraction of the gland itself. The three pleural ganglion cells identified electrophysiologically were always located in the general region of the three cells identified by the cobalt backfilling experiments (Fig. 2) . Responses to stimulation of one of these three are shown in Fig. 3A . The lumenal pressure recorded by the transducer increases with an increase in the number of action potentials elicited in the pleural ganglion neurons and the size of gland contraction following a specific number of action potentials remains relatively constant with repetition. Under favorable circumstances a single spike in one of the pleural ganglion cells can produce a detectable gland response. With low firing rates, the gland response is a graded, approximately linear function of spike activity in the pleural ganglion cells (Fig. 3B ). Higher firing rates were systematically tested because such not . high rates usually led to large contractions, which dislodged the catheter from the lumen of the gland.
The observations that these neurons send processes in nerve P5, which innervates the gland, and that even low-frequency spike activity in the cells produces a gland response suggests the pleural ganglion cells are involved in the motor component of opaline gland contraction.
However the results do not exclude the possibility that the cells are sensory neurons or interneurons that drive motor neurons elsewhere in the ganglia. To test this possibility, the gland response was recorded after the chamber containing the ganglia was perfused with a high-Mg2+, low-Ca2+ solution, which has previously been shown to block chemical synaptic transmission in Aplysia (5) . The blocking of chemical transmission was considered to be complete when no background PSPs or nerve-evoked synaptic input (see below) was recorded in the impaled pleural ganglion neuron. Under these circumstances, the same number of intracellularly elicited action potentials in the presumptive motor neuron produces a gland response equal to that of the control when the ganglion is perfused in ASW (cf. Fig. 4B, and B,) . These results suggest that the pleural ganglion neurons mediate gland contraction without an intervening chemical synapse within the central nervous system.
Peripheral connections of opaline gland motor neurons
Finally, the peripheral connections between the pleural ganglion neurons and the opaline gland were investigated in an attempt to show functional synapses between the.presumptive motor neurons and the gland itself and to determine whether they are chemically mediated. Simultaneous intracellular recordings were made from the pleural ganglion neurons and cells on the surface of the opaline gland. A beveled, single-barreled microelectrode was advanced toward a vesicle on the surface of the gland until a sudden negative deflection was recorded (e.g., Fig. 5A ). The resting potentials thus obtained have an average of -40 mV and remain stable for more than an hour. Advancing the microelectrode further causes the recorded potential to return to the base line observed when the tip was in the bath, suggesting that the recorded resting potentials are from cells on the surface of the vesicles. In some preparations overshooting action potentials are observed immediately after impalement of surface cells, such as shown in Fig. 5A . However, spontaneous action potentials are never observed in the cells after the membrane potential stabilized following impalement.
Following spike activity in the pleural ganglion neurons, the membrane potentials of the opaline gland cells show depolarizing events with several characteristics similar to excitatory junctional potentials (EJPs). The presumptive EJPs follow action potentials in the neurons one for one with constant latency (Fig. 4C) . At low firing rates the EJPs have a stable waveform and amplitude, as shown by the superimposed sequential EJPs in Fig. 4C . When the interspike interval is less than 1 s, the amplitude of subsequent EJPs is enhanced relative to the initial EJP (Fig. 40) . The effect of facilitation on the second EJP increased as the interspike interval decreased, despite the fact that there is no observed temporal summation.
We never observed an overshooting action potential that was initiated by the EJPs.
Intracellular stimulation of the presumptive motor neurons and electrical stimulation of nerve P5 produce similar effects on the opaline gland cells. As a result, a simplified in vitro system was used to further investigate the nature of the presumptive EJPs. The preparation consisted of the opaline gland and a short segment of nerve P5 that was stimulated using a suction electrode (see MEmoDs).
Stimulation of nerve P5 produces EJPs in the opaline gland cells (Fig. 5A ), but is also ineffective in producing action potentials.
The chemical nature of the presumptive EJPs produced by electrical stimulation of nerve P5 was investigated by examining the effects of various cation solutions on the amplitude of the recorded EJPs. After a stable recording was obtained from an opaline gland cell, the segment of nerve P5 was stimulated at 0.1 Hz while the chamber containing the gland was perfused with ASW or the test solutions. A high-Mg*+, low-Ca*+ (220 mM Mg*+, 1 mM Ca*+) extracellular solution caused a gradual decrease in the size of the EJP. The EJP was completely blocked after 25 min and fully recovered after 45 min perfusion with ASW. Figure  5B shows the effect of increasing the extracellular Ca*+ concentration to 5 times normal (50 mM Ca*+). The size of the EJPs gradually increases, and after 10 min the average peak amplitude is twice control. The size of the EJPs returns to control level after 1 h in ASW (not shown). when ganglion is perfused with ASW, a train of six spikes (6.7 Hz) in an presumptive opaline gland motor neuron produces a 4-mm Hg pressure rise in the opaline gland. B,: in a solution of elevated Mg2+ and reduced Ca*+ (220 mM Mg *+ 1 mM Ca2+), the pressure increase in the gland is nearly identical to the control. The high , divalent cation solution raised the threshold for firing the cell and in order to initiate a train of six action potentials, it was necessary to deliver a 1.5-s depolarizing prepulse to the cell. C: latency of EJPs. EJPs are recorded from a cell on the surface of the opaline gland while action potentials are elicited at the rate of 0.2 Hz by intracellular stimulation of one of the pleural ganglion neurons. EJPs follow central elicited action potentials in a one-for-one fashion with constant latency. D: facilitation of EJPs. When the frequency of firing of action potentials in the opaline motor neurons is increased, EJPs increase in amplitude. EJPs illustrated in part D are from a different cell than those in part C.
More than 95% of the presumptive EJPs have a shape similar to that shown in Fig.  5B . The single-component EJPs have a sharp rise and gradual decay, and the shape is independent of the stimulus intensity as long as the intensity exceeds threshold. However, a few cells are found to have multicomponent EJPs following a single shock to nerve P5 (Fig. K, upper trace) . It is possible to isolate some of these components by adjustment of the stimulus intensity around threshold required for gland movement.
A slight decrease from the intensity used to elicit the three-component EJP causes simultaneous elimination of the first two components (Fig. 5C, lower trace) . The third component is eliminated by decreasing the stimulus intensity below threshold. These observations suggest that either the opaline gland cells are electrically coupled or that the glandular cells are polyneuronally innervated. Posttetanic potentiation (PTP) is also a feature of the EJPs recorded from the vesicle resting potentials, action potentials, and EJPs. A single overshooting action potential is sometimes recorded immediately following penetrations of the vesicle by the electrode. The resting potential was approximately -35 mV. An EJP is produced following stimulation of nerve P5 with 1-ms pulse (arrow). The deflection under the arrow is a stimulus artifact and the EJP occurs 220 ms later. The latency between the stimulus artifact and the EJP is due to propagation delay (cf. Fig. 4C ). Other small deflections on the trace are due to electrical noise. B: effect of increased extracellular Ca*? The lower trace represents the average of 10 EJPs obtained in ASW while stimulating nerve P5 at 0.1 Hz. While continuing the stimulation at 0.1 Hz, chamber containing the gland was perfused with a high Ca*+ (50 mM) solution. The upper trace is the average of 10 EJPs in the same cell after 10 min in the high-Ca*+ solution. C: multicomponent EJPs. Upper trace is computer average of 15 EJPs recorded from an opaline gland cell while nerve P5 was stimulated with 1-ms pulses at 0.1 Hz. A slight decrease in intensity eliminates two early components. The lower trace represents the average of 15 responses elicited by the lower stimulus intensity.
cells. In Fig. 6 , EJPs are recorded as nerve P5 is stimulated at a constant frequency of 0.1 Hz. After a tetanizing train of pulses (2 Hz for 10 s), subsequent EJPs increase in size and remain larger than pretetanic EJPs for more than 5 min. There is no change in the shape of the EJPs associated with the increase in size during posttetanic potentiation.
We also observed PTP of the EJPs following a tetanizing burst of action potentials produced in one of the individual motor neurons.
Contribution of identified neurons to opaline gland response
The pleural ganglion neurons were found to receive excitatory synaptic input following electrical stimulation of the left and right pleuroabdominal connectives and some of the other small nerves of the right pleural ganglion. With sufficient intensity the increased excitatory input causes the presumptive motor neurons to fire and elicit a large gland contraction (Fig. 7A and C) . We used the stimulation of the pleuroabdominal connectives to investigate the contribution of the three identified opaline motor neurons to the gland response mediated by nerve P5. By simultaneously recording from the three pleural ganglion neurons, it is possible to hyperpolarize the cells so that a series of shocks to the right connective fails to fire action potentials in the cells (Fig. 7B) . Under these circumstances, right connective stimulation also fails to elicit a significant contraction of the gland. The remaining small contraction of the gland may be due to other as yet unidentified neurons or possibly to passive movement of the gland due to body wall contraction mediated by other motor neurons. Since the opaline motor neurons are also electrically coupled (see below and Fig. 8 ), this experiment does not rule out the possibility that there are additional unidentified coupled cells that were also hyperpolarized and thus prevented from firing. Nonetheless, these results suggest that the three identified motor neurons or related unidentified coupled cells account for a large portion of the motor input to the opaline gland that is conducted via nerve P5.
Comparison of ink motor neurons and opaline motor neurons
Since ink and opaline can be released in response to the same type of stimulus, it is of interest to compare some of the features of the opaline motor neurons with those of the ink cells that have previously been described (6) (7) (8) (9) 19) . Like the ink motor neurons, the opaline cells are normally silent, have relatively high resting potentials in the range of -60 to -70 mV, receive similar synaptic input, and are electrically coupled. A hyperpolarizing intracellular current pulse to one neuron produces membrane potential changes in the other two opaline motor neurons with a coupling ratio ranging from 0.2 to 0.4, with an average of about 0.3 (Fig. 8A) . A depolarizing current pulse delivered to one cell initiates action potentials in that cell and produces membrane depolarization and electronic EPSPs in the coupled cells (Fig. 8B) .
Another similarity is that the ink and opaline motor neurons both receive a slow prolonged excitatory synaptic input as a result of stimulation of the right connective.
For the ink motor neurons, this slow depolarization has been shown to be due to a decreased synaptic conductance (9; see also Ref. 3, 4, 6, 19) . To investigate the possibility that a similar mechanism contributes to the membrane depolarization in the opaline motor neurons, voltage-clamp experiments were performed.
In Fig. 9 an opaline gland motor neuron is voltage clamped at the resting potential, and a series of lo-mV hyperpolarizing pulses are applied. The resulting current produced is monitored as an index of the input conductance. A single shock to the right connective produces a slow inward current of several minutes duration with a time course corresponding to the time course of the slow EPSP in the unclamped cell. During the slow synaptic current there is a 30% decrease in the magnitude of the current pulses compared to control. These experiments suggest that the slow depolarization of the opaline motor neurons following right connective stimulation may be due to a decreased synaptic conductance. Further experiments, however, are necessary to examine the ionic mechanisms that underlie this response. In addition, our results do not exclude the possibility that the slow EPSP is due to the reduction of a tonic inhibitory input to the motor neurons (for discussion see Ref. 9) .
The opaline motor neurons also have a firing pattern similar to that of the ink motor neurons. Figure 10 illustrates simultaneous recordings made from one of the opaline motor neurons in the pleural ganglion and one of the ink motor neurons located in the abdominal ganglion. A series of shocks (6.25 Hz for 4.8 s) to the siphon nerve produces excitatory synaptic input in both ink and opaline motor neurons, however the initial depolarization in each cell fails to reach threshold and fire action potentials. After a pause of several seconds, an accelerating burst of action potentials is initiated. DISCUSSION When exposed to noxious stimuli Aplysia exhibit defensive behavior that includes the secretion of two substances, ink and opaline. Behavioral aspects of the inking response as well as the neural circuits that mediate ink release have been well studied (3, 4, (6) (7) (8) (9) 19 ). However there is little information on the opaline secretory response other than the observation that opaline is released by noxious stimuli of the type used to elicit inking behavior (unpublished observations). This study was undertaken to identify motor neurons that mediate opaline secretion in order to begin to compare the control of ink and opaline release at the cellular level. 
Route of motor input to opaline gland
We found that nerve P5, which arises from the right pleuropedal connective, carries motor input to the opaline gland. In all animals stimulation of nerve P5 causes contraction of the gland sufficient to release opaline. In some animals (three of seven) 
Comparison of firing pattern in opaline
In contrast to the gland response elicited bY stimulat ion of nerve P5, this route of motor input was not consistently present. The processes that innervate the opaline and ink motor neurons. Simultaneous recordings are made from an ink gland motor neuron in the abdominal ganglion and an opaline gland motor neuron in the right pleural ganglion while a train of electrical stimuli (6.25 Hz for 4.8 s) is delivered to the siphon nerve. In both cells the initial synaptic input is ineffective in firing the cell and there is a silent period or pause of several seconds before an accelerating burst of spike activity is produced in each cell.
gland via the siphon nerve may represent input from as y et unidentified motor neurons or may be an alternate pathway for innerva tion of the opaline gla l d by the ide ntified motor neurons in the pleural ganglion.
motor neurons elsewhere in the central nervous system. Third, action potentials produced by intracellular stimulation of the pleural ganglion cells are followed by electrical events in cells of the opaline gland that appear to be excitatory junctional potentials. The presumptive EJPs show constant latency with respect to spikes in the pleural ganglion neurons and also exhibit facilitation when the firing rate of the neurons is increased. These results suggest that the pleural ganglion neurons make functional peripheral connections with cells within the opaline gland itself.
Identification of opaline motor neurons Acti on potentia 1s in thre se neurons on the dorsal su rface of the right pleural gang1 ion are as sociated with contractio n of the opaline gland that cou Id be measured byani ncrease in pressure within the gland lumen. The gland response follows spike activity in these neurons with a relatively short and constant latency (Fig. 3A) . The resulting change in pressure within the gland is an approximately linear function of the number of action potentials in the pleural ganglion neurons when the firing rate is low. These experiments suggest that the pleural ganglion neurons are part of the neural circuit mediating opaline release.
The three cells are uniquely identifiable and we have designated them PLRl, PLR2, and PLR3, based on the following criteria. The neurons have relatively large cell bodies (150-250 pm in diameter) that are located on the dorsal surface of the right pleural ganglion. The cells have relatively high
Further studies demonstrated that the three pleural ganglion cells satisfy several criteria for identification as opaline motor neurons. First, the cells send processes in nerve P5 that innervates the region of the gland. This is demonstrated by recording an antidromic spike in the cell body following elec trical stimu lation of the nerve (Fig. 4A) , The antid romic spike follows relatively highfrequency nerve stimulation (Fig. 4A1 ) and invasion can be blocked by hyperpolarization of the motor neuron cell body (Fig.  4AJ . Second, the gland response following spike activity in the pleural ganglion neurons is not affected by blocking synaptic activity in the circumesophageal ganglion with highMg2+ 9 low-Ca2+ solutions (Fig. 4B) Finally, these cells mediate opaline gland contraction as discussed above. Thus the three cells may be identified reliably on the basis of a number of morphological, electrophysiological, and functional characteristics.
The identification of opaline motor neurons in the pleural ganglion appears to contradict an early observation (2) that the motor center for opaline secretion is in the pedal ganglion. This early observation is somewhat ambiguous, however, due to the gross electrical stimulation technique, utilized, the proximity of nerve P5 to the pedal ganglion, and the possibility of reflex activation of the motor cells in the pleural ganglion via activity in pedal ganglion neurons.
Opaline gland EJPs
The effects of changes in divalent cation concentrations on the presumptive EJPs suggest that these connections are chemically mediated. Like the central synapses in Aplysia , EJPs in opaline gland cells are reversibly reduced in size in extracellular solutions of low Ca2+ and high Mg2+. Increased extracellular Ca2+ causes an increase in the size of recorded EJPs (Fig. 5B) .
Stimulation of the motor neurons produces only EJPs in opaline gland cells without regenerative action potentials. Action potentials have been recorded under some circumstances (Fig. 5A ), but the conditions for reliably obtaining this response have not been determined. This observation is similar to the nonspiking muscles previously reported in the gill (lo), buccal (11, 18) , and penis retractor (1) of Aplysia. Cells from these three muscles show spontaneous as well as evoked EJPs that correlate with spontaneous spike activity in the motor neurons. In contrast, opaline motor neurons are normally silent and this is reflected in the lack of spontaneous EJPs in opaline gland cells. Posttetanic potentiation (Fig. 6 ) is another feature of the connections between the motor neurons and the opaline gland that has also been described in other muscle systems in Aplysia (1, 11) . The increase in size of subsequent EJPs was observed whether the tetanizing burst was produced by intracellular stimulation of an individual motor neuron or by electrical stimulation of nerve P5. The multicomponent EJPs recorded from opaline gland cells (Fig. 5C ) suggest that some elements of the gland receive multiple motor input. However, previous studies have shown that the cells comprising various Aplysia muscle systems (1, 11, 18) as well as glandular epithelia in other invertebrates (17) are electrically coupled. We have so far been unable to investigate coupling between cells making up the opaline gland vesicles due to technical difficulties in recording from closely adjacent cells. The surface of the gland is covered by connective tissue and insertion of a second microelectrode, in the same acinus dislodges the first. Our results, therefore, do not allow us to determine whether the suggested multiple motor input to the opaline gland cells is due to direct innervation by several motor neurons or if multiple innervation occurs functionally by electrotonic conduction.
In summary, the features of EJPs recorded from opaline gland cells suggest that these connections may be involved in the motor component of gland contraction. However, histological studies will be necessary to determine the morphology of the cells receiving synaptic connections from the identified motor neurons and their structurefunction relationship to other elements of the gland.
Contribution
of identified motor neurons to centrally mediated opaline gland contraction Using a preparation in which the central nervous system and innervation of the gland is intact, stimulation of the right pleuroabdominal connective can cause opaline release. In the preparation shown in Fig. 1 , electrical stimulation of the right connective produces excitatory synaptic input that fires the opaline motor neurons and results in gland contraction (Fig. 7A ) . Therefore, right connective stimur'ltion was used to approximate roughly natural synaptic input and investigate the contribution of the three pleural ganglion neurons to gland contraction mediated by central neural circuits. When the identified motor neurons are hyperpolarized to prevent them from firing in response to connective stimulation, the degree of gland contraction is markedly reduced (Fig. 7B) . These results suggest that the three opaline motor neurons identified in the pleural ganglion'mediate a large portion of the motor component of gland contraction that is carried via nerve P5. The experiments however do not rule out the possibility that there are as yet unidentified neurons that contribute to opaline gland contraction.
If other motor neurons are electrically coupled to the three pleural ganglion cells, then the hyperpolarization that prevented firing of the three identified motor neurons could also prevent excitatory input from firing action potentials in any coupled cells. In addition there may be neurons in the abdominal ganglion, which is not part of our preparation, that make some contribution to centrally mediated gland contraction.
Comparison of properties of opaline and ink motor neurons
Since ink and opaline release from the intact animal may be elicited by the same types of stimuli, it is of interest to compare the two different groups of cells mediating these behaviors. The opaline motor neurons have no spontaneous spike activity and a relatively high resting membrane potential of approximately -65 mV. These general properties are shared by the ink motor neurons, although the ink motor neurons appear to have slightly higher resting potentials (6) . Also like the ink cells, the opaline motor neurons are electrically coupled and receive similar synaptic input and background PSPs.
We have also found that the firing pattern of the opaline motor neurons is very
